Meconium aspiration syndrome" is a condition resulting in respiratory distress and the occasional death of newborn human beings. A retrospective study was conducted on 52 calves that were submitted for postmortem examination to the Atlantic Veterinary College, Charlottetown, Prince Edward Island, Canada. These calves died of infectious and noninfectious diseases within the first 2 weeks of life due to a variety of causes. The most common cause of death was infectious enteric disease. Histologic examination of lungs revealed that 42.5% of calves had evidence of meconium, squamous cells, or keratin in the lung. There was considerable variation in the magnitude of histologic changes in lungs containing aspirated material. Typically, affected lungs had only a few inconspicuous pieces of meconium, keratin, and squamous cells within bronchoalveolar spaces. Sporadically, the entire lumen of airways was obliterated by aspirated material. Lungs with aspirated material had a mild but diffuse alveolitis characterized by exudation of a few neutrophils, macrophages, and occasional multinucleated giant cells. Obstruction of small airways and focal atelectasis were also observed. Similar lesions have been reported in human meconium aspiration syndrome. It is concluded that histologic changes similar to those of human meconium aspiration syndrome occur commonly in calves that die within 2 weeks of birth. Further studies involving healthy age-matched calves are required to evaluate the clinicopathologic significance of rneconium aspiration in this species.
"Meconium aspiration syndrome" is an important clinico-pathologic condition of newborn human beings that frequently results in respiratory distress and occasionally in neonatal death.5J2s33 Reports from North American hospitals indicate that amniotic fluid has been contaminated with meconium in 10-1 5% of normal deliveries, and as many as 3% of human infants born alive have meconium in a i r w a y~.~~. ' ~J 9 Without obstetric intervention, the fatality rate of meconium aspiration syndrome could reach Clinical disease and fatalities attributable to aspiration of meconium-contaminated amniotic fluid result from alterations such as airway obstruction, impaired gas exchange, atelectasis, or pneumonia. 12,26, 29 In addition, these structural and functional changes in the lung may have a profound effect on acid-base regulation, eventually resulting in severe acidosis, a cardinal sign of meconium aspiration syndrome. 12,28,35, 36 Babies born with meconium aspiration syndrome tend to have lower Apgar scores (condition score) than normal neonates. Survivors may suffer from a myriad of sequelae including pulmonary hypertension, persistent fetal circulation, airway obstruction, and airway hyperreactiv-Neonatal diseases are a leading cause of morbidity ity. 19,27.31.35 and mortality in domestic animals and represent a significant source of economic loss ~o r l d w i d e .~ Intrauterine aspiration of meconium is one of the most common events preceding abortion in bovine fetuses. 20, 24 It is generally accepted that aspiration of meconium and amniotic fluid by fetuses is a terminal event associated with severe and prolonged intrauterine h y p o~i a .~~ In contrast to information available in human neonatology, the prevalence and significance of aspirated meconium in animals born alive are unknown in veterinary medicine. The clinical implications of meconium aspiration in calves need not be restricted to the respiratory tract because any systemic acidosis would affect tissues throughout the body. The possibility of extrapulmonary effects is especially intriguing in view of recent work linking neonatal acidosis to impaired colostral absorption and increased neonatal mortality in calves. 134, 32 Failure of passive transfer via colostrum is thought to predispose calves to infectious d i~e a s e .~
Materials and Methods
Calves for this study were selected from necropsy submissions received by the Atlantic Veterinary College Diagnostic Services Laboratory, Charlottetown, Prince Edward phous appearance. When necessary, identification was confirmed using Hall's stain for bilirubin.22 A single piece of meconium or squamous epithelial cell resulted in a positive score. Lung sections where macrophages, neutrophils, or multinucleated giant cells were commonly found in airways were graded as positive for inflammation. Following grading of the lung tissue, postmortem reports for the case were retrieved, and significant pathologic findings were recorded. Meconium, squamous cells, and inflammation in the lungs were taken as dichotomous variables (present or absent), and the strength of the association among these variables was assessed using relative risk and chi square (x2) Statistical significance for these associations was considered at P 5 0.05. Island, Canada, between 1 January and 1 June 1990. The criteria for selection of cases included age of calves (14 days of age or younger), status of lung at the time of postmortem (at least partially inflated lungs), and availability of tissue slides for histopathologic examination of lungs.
Hematoxylin and eosin-stained lung sections were examined by light microscopy for the presence of squamous epithelial cells, meconium, or inflammation. Cells that were fully or partially keratinized or had a distinct nuclear "shadow" were interpreted as squamous epithelial cells. In some cases keratin was confirmed using Ayoub-Shklar stain.22 Meconium was recognized by its characteristic bronze amor-
Results
Twenty-three of 52 calves (44.2%) had evidence of amniotic fluid aspiration based on the presence of meconium, squamous epithelial cells (SEC), or keratin ( Table 1) . Postmortem records of these cases indicated that the appearance of lungs containing aspirated amniotic fluid ranged from normal to a mild suppurative bronchopneumonia. A few of these lungs had a welldefined mosaic pattern of dark red pulmonary lobules intermixed with normal lobules (Fig. 1 ). Histologically, these dark lobules corresponded to areas of atelectasis.
Bacteriologic culture of lung tissue was performed in 31 cases (Table 1 ). Significant isolates were recovered from six of these lungs, and in all but two calves (case Nos. 1, 39) isolates were consistent with a septicemic condition (case Nos. 14, 15, 16, 23) .
Aspirated SEC were present in the lungs of 38% of calves (Table 1 ). Careful microscopic examination was required to detect the few SEC or small pieces of keratin present in the bronchioles and alveoli (Figs. 2, 3 ). In two calves (case Nos. 4, 21), a part of or the entire bronchiolar lumen was occluded by impacted cells or keratin aggregates (Figs. 4,5 ). SEC were found in sheets ( Fig. 4 ) or as single cells (Fig. 2 ) and in various stages of differentiation ranging from squamous cells with a well-defined nucleus to mature keratinized cells (Figs.  2,4) . The Ayoub-Shklar stain failed to stain immature SEC but did stain mature keratin. Thirty-four percent of calves had meconium in bronchi, bronchioles, or alveoli (Table 1 ). Meconium was present as amorphous yellow to pale orange material arranged in particles that ranged in diameter from 7 pm to >70 pm. Meconium was usually present as inconspicuous small aggregates that required careful microscopic examination to identify (Fig. 6) . Large aggregates of meconium occasionally totally filled the lumen of airways (Fig. 7 ). Hall's stain for bile was useful in distinguishing meconium from particles of other pigmented material.
The magnitude and character of other histologic changes in lung tissues that contained components of amniotic fluid varied considerably. Changes included atelectasis, alveolitis, and intraalveolar hemorrhage. Atelectatic foci were common, but the frequency could not be determined because histologic sections often included only a few lobules. Alveolitis was characterized by a mild exudation of neutrophils, alveolar macrophages, and a small amount of fibrin closely asso-ciated with SEC, keratin, or meconium ( Fig. 3) . Rarely, there were intense infiltrations of macrophages into alveoli as well as prominent multinucleated giant cells. The cytoplasm of some of these phagocytic cells contained keratin. Alveolitis was associated with the presence of SEC or keratin in bronchoalveolar spaces (Table 2). The probability of finding pulmonary inflammation was approximately 1.5 times higher in Table 2 . Association between presence of squamous epithelial cells or meconium and inflammatory response in the lungs of 52 calves submitted for postmortem examination. animals with aspiration of contaminated amniotic fluid than in calves with no evidence of aspiration. The frequency with which aspirated meconium, SEC, and keratin were detected in the lungs decreased with age of the neonate (Fig. 8) ; however, statistical association between aspirated material and pulmonary inflammation in calves 1 7 days old (n = 38) was the same as when calculated for the entire population (aged 1 to 14 days).
Discussion
This study documents that meconium, keratin, and squamous epithelial cells (SEC) are commonly found in the lungs of calves that died during the neonatal period. The presence of these materials within the lung was associated with mild alveolitis. This finding, as well as the presence of atelectasis in some lung sections containing meconium, SEC, o r keratin, is consistent with the diagnostic criteria of meconium aspiration syndrome (MAS) in human pathology. L7,29, 30 Studies involving human beings, dogs, sheep, rabbits, and primates demonstrated that aspiration of meconium and squamous cells is not a normal consequence of p a r t~r i t i o n .~J~,~~ The high prevalence of meconium, SEC, or keratin within the lungs of calves in this survey may reflect a skewed sample population because pathologists are more apt to undertake histologic examination of grossly abnormal lungs than those that appear unremarkable. Further studies will require the examination of lungs from healthy calves in order to assess the significance of this high prevalence of meconium aspiration. The lower frequency of meconium, SEC, or keratin in older calves could be partly due to the degradation and removal of aspirated material.
The widespread distribution of the exudate in those Percentage of calves with aspiration of meconium and squamous epithelial cells according to age. Note higher percentage of meconium and squamous cells in the lungs of calves 1 to 3 days old as compared to other ages. calves in which several areas of lung were sampled suggests that the primary lesion associated with aspiration of meconium and SEC is a mild diffuse alveolitis. This distribution was not unexpected because meconium aspirated in utero is known to reach all lung quadrants of the bovine fetus. 21 The magnitude of the exudation was generally mild and could easily be overlooked or confused with lesions produced by septicemia or e n d o t~x e m i a . '~~~~ In addition, the mild degree of inflammation in these calves could be masked by intense changes of a secondary bacterial pneumonia. Eight-two percent of calves in this study had gross or microscopic inflammatory lesions in the lung, yet pulmonary changes were only implicated as the primary cause of death in 18 calves (34%).
The high frequency (82%) of pulmonary inflammation detected histologically in our calves is similar to that reported in a study of neonatal mortality in foals in which lung lesions were found in 90% of foals that died within 5 days of birth.I3 Examination of lung tissue from healthy age-matched calves would be required to rule out the possibility that the mild alveolitis observed in these calves was an incidental finding unrelated to aspiration of amniotic fluid.
Although MAS generally refers to aspiration of meconium, this syndrome can occur when amniotic fluid containing only SEC, but no meconium, enters the lower airways. l o It is presumed that aspirated SEC originate largely from exfoliated fetal skin and to a lesser extent from oropharyngeal mucosa. 18, 30 Multinucleated giant cells and macrophages containing keratin, as were seen in two calves in this study, indicate that this cornified material may cause a granulomatous reaction in the lungs similar to keratin-induced inflammation in other t i s s~e s .~~,~~ This type of foreign body pneumonia has been reported in human MAS and can be repro-duced experimentally by injecting amniotic fluid contaminated with SEC into the lungs of laboratory ani-ma1s.9J6.34 Careful histologic examination is required to avoid confusing less mature keratin and SEC with proteinaceous exudate or collagen fibers.
As in human and equine neonates with aspiration of amniotic fluid, focal atelectasis was a common finding in calves with meconium or SEC in Meconium aspiration may induce this change by physical obstruction of airways or by displacement of alveolar surfactant by the free fatty acids present in meconi-
The pathogenesis of MAS has not been completely e l~c i d a t e d .~J~, *~-~~ Nonetheless, two fundamental events collectively referred to as "fetal distress" are known to precede this s y n d r~m e .~.~~ First, meconium is expelled from fetal intestine resulting in contamination of amniotic fluid. Second, contaminated amniotic fluid is aspirated into the lungs. In utero expulsion of meconium results from increased intestinal peristalsis and relaxation of the anal sphincter, triggered by severe intrauterine hypoxia and fetal a~i d o s i s .~,~~ The passage of meconium-contaminated amniotic fluid into the lungs may take place prior to birth when a fetus gasps for air in a last attempt to correct hypoxemia, or it can occur when neonates born with meconium in the oropharynx take their first breath.5,7J0. 33, 36 In the present investigation, a distinction between intrauterine aspiration and post-parturient aspiration could not be achieved.
The term "fetal breathing" has led to confusion as to whether the passing of amniotic fluid into fetal lungs should be considered physiologic or pathologic. Normal fetal development includes cycles of respiratory movements, but the inspiratory forces are not powerful enough to allow amniotic fluid to reach the lungs.11,28,35 Fetal aspiration of amniotic fluid is further prevented by "lung liquid," a locally produced viscous material present in the trachea and lungs that constantly flows up the major airways to the oropharynx. * A few investigators consider aspiration of trace amounts of amniotic fluid a normal event in fetal developrnent.l4 MAS is unequivocally linked to severe acidosis, cardiopulmonary abnormalities, and death, although pulmonary lesions in affected individuals are seldom severe.6J9,27,31 The clinical significance of MAS thus depends not on the primary lung lesions but rather on secondary pathophysiologic effects. The clinical sequelae of meconium aspiration have been dramatically reduced by early diagnosis of fetal distress and obstetric intervention during p a r t~r i t i o n .~,~,~~,~~ Our study demonstrates that the morphologic changes of MAS are frequently found in the lungs of calves that die within 2 weeks of birth. One of the possible secondary effects of meconium aspiration in calves may be a reduction ~m.8~30~34 of colostrum absorption due to systemic acidosis.',4 Clearly the relationship between bovine MAS and serious neonatal disorders, such as acidosis and failure of passive transfer, weak calf syndrome, and neonatal infections, needs careful investigation.
